Transcript profiling and gene characterization of three fatty acid desaturase genes in high, moderate, and low linolenic acid genotypes of flax (Linum usitatissimum L.) and their role in linolenic acid accumulation.
Three genes encoding fatty acid desaturase 3 (fad3a, fad3b, and a novel fad3c) were cloned from four flax genotypes varying in linolenic acid content. Real-time PCR was used to quantify expression levels of the three fad3 genes during seed development. High amounts of both fad3a and fad3b transcripts were observed and reached their peak levels at 20 days after anthesis, except for fad3a from SP2047 where only low level expression was observed throughout seed development. Transcript accumulation of the novel fad3c gene was at similar background levels. The fatty acid composition was analysed for all genotypes and stages of development and compared with the fad3 gene expression patterns. α-Linolenic acid gradually accumulated during seed development, while linoleic acid was transient and decreased in M5791, UGG5-5, and AC McDuff. In contrast, the linolenic acid present in the early stages of development nearly completely disappeared in SP2047, while linoleic acid steadily accumulated. fad3a of the low linolenic acid line SP2047 encoded a truncated protein caused by a premature stop codon resulting from a single point mutation, and the low level of transcript accumulation in this genotype is likely due to nonsense-mediated mRNA decay caused by the premature termination of translation as a result of this early stop codon. Although substantial amounts of transcript accumulation occurred with fad3b of SP2047 genotype, cloning of the gene revealed a mutation in the first histidine box causing an amino acid change. Heterologous expression in yeast of the SP2047 and UGG5-5 fad3b genes showed that the mutation in the histidine box in SP2047 caused the enzyme inactivity. Taken together, these results showed that fad3a and fad3b are responsible for linolenic acid accumulation in flax seeds but did not support a major role for the novel fad3c. These observations were further supported by phenotypic and genotypic assessment of a doubled haploid population. Expression patterns of fad3a and fad3b were highly correlated with linolenic acid accumulation during seed development, with the exception of fad3b in SP2047 whose lack of activity was caused by the histidine box mutation despite its transcript accumulation being similar to that of the fad3b of the other genotypes.